Abstract. At present many Dynamic Geometry Systems (DGS) have been used widely in school and colleges all over the world, at the same time analytic geometry is a very important module in middle school, but the functions on analytic geometry module is not rich and the operation is not efficiency in these DGS. A new system which integrate the analytic geometry module into the plane DGS enrich the functions and improve the operation efficiency of plan DGS. In this system geometry objects are represented as its algebraic attributes by analyzing its algebraic equations, while the relationship between geometry objects is expressed as an algebraic expression with parameter. Then by studying the analytic method and calculation method for an algebraic expression the algebraic expression calculation system based on plane DGS is built. The result show that the DGS with algebraic expression calculation system can calculate any elementary algebraic expression with parameters which help the DGS to realize the dynamic change more efficiently when the position of a geometry object change or the relationship between geometry objects change and which can combine the analytical geometry module to dynamic geometry very well. The obtained results can be applied to enrich functions of DGS and extend the DGS applications.
Plane Geometry and Plane Analytic Geometry are important courses in middle school, the relationship between the shape of conic curves and their algebraic equations and the study of position relationship between the straight lines and the conic curves by their algebraic equations are important and difficult content in the Plane Analytic Geometry course for the middle school students. If students can observe, simulate and translate the conic curves and straight lines in DGS it will be helpful for students to study these contents.
On the other hand, if a Dynamic Geometry System (DGS) is built by the combination of the algebra method and axiom system of Euclidean Geometry, the DGS will be more functional and more convenient operational. So building analytic geometry module in the DGS will be necessary.
Since 1980s' DGS has become one of the most widely used pieces of software in schools and colleges all over the world [1] [2] [3] [4] [5] [6] [7] , the Geometry's Sketch Pad (GSP) [8] , GeoGebra [9] , Cabri Geometry [10] are the most popular DGS in the world and the Super Smart Platform (SSP) [11] is widely used in China. Only the SSP integrate the analytic geometry module to the system in these DGS, which enrich the function and improve the operation efficiency of DGS [12] [13] [14] . The article discusses and studies the algebraic expression calculation method in the analytic geometry module based on the Super Smart Platform.
There are some classical algorithms to calculate an algebraic expression with parameter, such as by the stack or binary tree structure [15] [16] , which algorithms have general applicability. So these classical algorithms can be modified and improved to an algebraic expression calculation method served for the analytic geometry module in the DGS.
To build the analytic geometry module the following problems need to be solved:
(1) Algebraization and standardization of the geometry objects.
(2) Plot of the curves, given the equation of the curve. (3) Solving of the intersection point between the curves, and between the curve and straight line. (4) Numerical calculation of algebraic expressions with parameters within a certain range of accuracy.
In the above four problems, the problem (2) and (3) can be solved if the problem (4) is solved. For example the system draw the curve by the plotting of some points in the curve under the calculations of the coordinates of these points through the method in the problem (4) . And the construction of the intersection points between two straight lines which equations are
can be constructed by the calculation of the expressions (b2-b1)/(a1-a2) and (a1*b2-a2*b1)/(a1-a2),the position of the intersection point will be changed when the value of the parameters a1, a2, b1 and b2 were changed which would be changed by change of the positions of the two lines.
The core problems of the application of algebraic expression calculation with parameter in DGS are the algebraization of the geometry objects and the method of the numerical calculation of algebraic expressions with parameters.
Meghodology

Algebraization of the Geometry Objects
Based on the above discuss, algebraization of the geometry objects in the DGS should be done in first. Algebraization of the geometry objects is the description of the geometry object by some algebraic expressions which can represent the object, we call these algebraic expression as algebraic attributes for the geometry object. In analytic geometry a geometry object can be represented by its equation, so the algebraization can be done by the analysis of equation of geometry object.
To algebraizate the geometry object a coordinate system should be built in the DGS, in the coordinate system the DGS take the parents' algebraic attributes for the new constructing object through the analysis of the type of the object and calculate the algebraic attributes of the new object to construct it.
In the plane DGS there are these geometry objects need to be algebraizated: Point, Straight Line, Circle (special conic), Conic, Elementary Function Curve. The algebraic attributes of these objects are that:
The algebraic attributes of a point are the coordinate x and y in the rectangular coordinate system. 
The following examples show the analysis method how to get the algebraic attributes of some common geometry objects.
Example 2.1. Analyze algebraic attributes of a segment. In order construct a segment two points which are the end points of the segment should have been in the system, the two end points are the parents of the segment. The process of calculation in the system is as follows:
Initially take the two parent points, call them point1, point2, and then take their algebraic attributes(their coordinates), call them x1, y1, x2 and y2;
Since the equation of the straight line is The point which the line goes through should have been constructed in the system and the slope should have been entered by user, the given point is the parent of the straight line. The process of calculation in the system is as follows: Initially the system takes the parent and the parent's algebraic attributes: x1, y1, and user enter a string expression (call it as slopeString) which is used to express the slope of the straight line in a given dialog.
Then calculate the value of slopeString (call the value as k). Get attributes of the straight line, the a, the b is the k and -1 respectively, the c is the value of the expression y1-k*x1.
Example 2.3. Analyze algebraic attributes of a straight line which goes through a given point and which is parallel to a given straight line.
To construct the straight line a point and a straight line should have been constructed in the system, which are the parents of the constructing straight line.
Initially the system takes the parents and their algebraic attributes: x1, y1 and a1, b1 and c1
The a and b are the value of a1 and b1, and the c is the value of the expression -(a1*x1+b1y1). Now get the algebraic attribute of the line.
Example 2.4. Analyze algebraic attributes of a circle which goes through a given point and the centre point of the circle is given.
The two given points are the parents of the constructing circle. Initially the system gets the parents' algebraic attributes: x1, y1, x2 and y2.
Since the equation of the circle is
, the a is 1, the b is 0, the c is 1, and the d , e and the f is the value of the expression -2*x1, -2*y1 and (x1)^2+( y1)^2-( x2-x1)^2-( y2-y1)^2 respectively. Now get the algebraic attributes of the circle.
Example 2.5. Analyze algebraic attributes of an ellipse that the two semi-axis are given. There are no any parents for the ellipse. User enter two expressions which are used to express the two semi-axis through a dialog in the system, call them sAxis and sBxis, calculate the value of the two expressions, and then get all algebraic attributes of the ellipse, the a is the value of the expression 1/(aAxis^2), the b is 0, the c is the value of the expression of 1/(bAxis^2), and the d , e and the f is 0, 0 and -1 respectively.
Numerical Calculation of Algebraic Expressions with Parameters
The numerical calculation of algebraic expressions with parameters includes two parts: the expression analysis and the numerical calculation.
Analysis of an Expression:
Step 1. Separate the string expression (call it expressionString ) to some items string (call it itemString )by the character '+' or '-'.
Step 2. Separate the itemString to factors string (call it factorString) by the character '*' or '/'.
Step 3. Analysis every itemString to item which is composed by a coefficient (call it m_ncoeff) and a list of factor (call it factorList). If the separator is the character '-' between the items the coefficient of the item followed the separator should be multiplied by -1.
Step 4. Analysis every factorString to factor which is composed by the computation type(call it m_nType), the arguments in the expression for the different type calculation (call them m_base and m_power) ,the parameter (call it m_sVar) included and the exponent(call it m_nExp). If the separator is the character '/' between the factors the exponent of the factor followed the separator should be multiplied by -1.
Above steps analyze a string expression with parameter (expressionString) to an algebraic expression expressed by an item list (itemList).
Calculation of an Expression:
Step 1. Calculate the value of every factor in the factor list for every item. If the m_nType of the factor is _sVar the formula used to calculate is factorValue= (m_sVar.Value())^m_nExp if the m_nType is the others the formula is factorValue=(function(m_base[,m_power]))^m_nExp
Step 2. Multiply all the values of the factors in the factor list to the value of the item, then multiply the result by the coefficient of the item to get the value of the item (call it itemValue).
Step 3. Add all the values of the items to get the value of the expression. The above processes are shown in figure 1 and figure 2: Figure 1 . Analysis of an Expression. Figure 2 . Calculation of an expression.
Note 1: The function used in the process of the factor calculation is decided by the type of the factor, including trigonometric function, inverse trigonometric function, logarithmic function, etc. Note 2: If the type of the factor is parameter type the process of the factor calculation is that, initially the system search the variable list in the current document, then if the parameter is found in the list, take the value of the parameter from the list to the value, if the parameter isn't found in the list, take a random value to the parameter and push the parameter to the variable list.
Result
An algebraic expression with parameter would be calculated by the above analysis method and calculation method. In the DGS these methods can be used to draw function image, locus of point and intersection points. To calculate this expression the user should input a string like " 4*(log(2,3*sin(x)+a^2))^5-6/b" in the system. The value of the expression will change when the value of the parameter change where a and b are parameters and x is independent variable, at the same time the image of the function Example 3.2 Construct an intersection point between a straight line and a circle Construct a straight line AB and a circle O which are parents of the constructing intersection point. The DGS with analyzed geometry module will construct the intersection point by the following steps.
Step 1. Take the parents' algebraic attributes: a1, b1 and c1 for the straight line AB and a2, b2, c2, d2, e2 and f2 for the circle O, in that the b2 is 0. should be calculated. If the value of the expression<0 x1 and x2 will be negative infinity.
Step 3. Calculate the y1 and y2 for x1 and x2 by the formulas . If the value of x1 and x2 are negative infinity y1 and y2 will be negative infinity. (x1, y1) and (x2 , y2) are the algebraic attributes of the two intersection points.
Step 4. Construct the two intersection points. Don't construct any point if x1 and x2are negative infinity. If x1 is equal to x2 the two intersection points become one, in this case the only one intersection point is called tangent point, not intersection point, so don't construct them.
The parents' algebraic attributes will change with the change of the position of these parents objects, so the algebraic attributes of the intersection point will change and the position of the intersection points will change with the change of the position of the parents object. As shown in figure 4. , and observe the locus of the point when the x changes in a range given.
Use the following steps to construct the coordinate point in the SSP.
Step 1. Select the menu "construct a coordinate point" and input the x and y coordinates with x and x^2 in the given dialog.
Step 2. In the construction dialog select the x as the drag parameter and press OK to construct the point A(x, x 2 ).
Step 3. Select the point A and select the menu "Trace" to get the locus of the point.
Step 4. When user drag the point the system will show the trace of the point which is the locus of the coordinate point. Figure 5 shows the locus of the point and the calculation of the expressions "x" and "x^2" when the point is dragged. The values of the expressions "x" and "x^2" change and the locus of the point is a parabola when the point is dragged. 
Conclusion
In this paper the algebraization methods about the geometry objects and the analytic method, calculation method for an algebraic expression with parameter in DGS are studied. The methods achieved good results, the results are as follows.
